ABSTRACT
INTRODUCTION
Colorectal carcinoma (CRC) is the third most common malignancy presenting serious threat to human health worldwide, and one-third is represented by rectal carcinoma, which accounts for approximately 40% of all colorectal carcinoma deaths (1) . Similarly, rectal carcinoma is a malignant tumour with high incidence in China and its incidence has been increasing. In China, the incidence of rectal carcinoma is higher than that of colonic carcinoma. Retrospective data from China demonstrate that rectal carcinoma accounts for 59.4-71% of the total number of CRC patients (2) (3) (4) .
The main reasons related to the poor treatment outcome of rectal carcinoma are invasion and metastasis of the tumour to adjacent and distant organs (5) . In recent years, progress has been made in understanding the proliferation kinetics and cell cycle regulation of the tumour. Early detection of the tumour from the level of cell and molecular biology is regarded to be critical to achieve early treatment and improve the treatment outcome. Currently, although basic research of malignant tumour has entered the era of molecular biology, the pathological diagnosis of rectal carcinoma and precancerous lesions is still based on traditional microscopic observation of spatial structure and changes in cell morphology (6) .
Due to the inherent limitations of morphological studies, judgments and descriptions of tumours by experience are often affected by subjective factors such that the pathological diagnosis is sometimes too conservative or too aggressive. It is well known that the most important biological characteristics of malignancy includes: 1) abnormal proliferation and differentiation, 2) invasiveness and metastasis, and 3) genetic alteration of tumour cells. These common biological characteristics of cancer cells could be reflected by the abnormalities of nuclear DNA content and/or change of chromosome ploidy and function (7) . Therefore, detection and analysis of nuclear DNA content and DNA ploidy will have important values in pathological diagnosis of malignant tumour, particularly in determination of the degree of malignancy, evaluation of curative options and predict prognosis.
In this study, we used flow cytometry to analyse intracellular DNA content and DNA ploidy in different categories of rectal lesions. We investigated the correlation of intracellular DNA ploidy and DNA index with rectal carcinoma and rectal precancerous lesions. We explored if detection of DNA ploidy could assist with diagnosis and prognostic judgment of rectal carcinoma.
SUBJECTS AND METHODS

Specimen characteristics
This study was approved by the Internal Review Board of Henan Cancer Hospital. Tissue samples were obtained from 325 individuals who gave informed consent. These tissue samples were collected from 120 patients with rectal carcinoma, 25 patients with proliferative polyps, 155 patients with villous adenoma and 25 healthy individuals (Figure) . All of the 120 patients with rectal carcinoma underwent surgery in Henan Cancer Hospital and the surgically removed samples were collected for this study. Patients with rectal carcinoma had a median age of 59.76 years (ranging from 41 to 78 years). There were 73 males and 47 females who participated in this study. These 120 patients were distributed in four pathological categories.
Thirty-three patients had well differentiated adenocarcinoma. Moderately differentiated adenocarcinoma, poorly differentiated adenocarcinoma and mucinous adenocarcinoma (including Signet Ring Cell Carcinoma) were found in 29, 31 and 27 patients, respectively ( Table 1) . Tissues of patients with proliferative polyps, villous adenoma and healthy individuals were obtained by colonoscopy and rectal mucosa biopsies. Among the 155 patients with villous adenoma, 30 cases had no atypical proliferation, 125 cases had atypical proliferation. All specimens were sent to the Department of Pathology for pathological evaluation. Then the specimens were processed for DNA ploidy analysis using flow cytometry.
Reagents and instruments
EPICS-XL flow cytometer was purchased from Beckman Coulter (USA). All the reagents used in the DNA ploidy analysis were acquired from Beckman Coulter (USA). Propidium iodide (PI) fluorescent dye was used as nuclear stain in the experiment.
Preparation of single cell suspensions
Fresh tissue pieces were put into a petri dish and washed by Phosphate-buffered saline (PBS). Fat and other unwanted tissues were trimmed off. Small tissue pieces were put into a test tube and 5 mL tissue lysate was added into the test tube. The tissue pieces were cut further to homogenates with an ophthalmic scissors. The tissue homogenates were pipetted and filtered into a test tube by copper mesh filter with 500 mesh. After 10 minutes of centrifugation (1500 r/minutes), the precipitate was washed three times with PBS to remove cell debris. Then 350-mesh nylon mesh filter was used to remove agglomerate cell clumps. The cell suspension was collected and was added with 70% cold ethanol for fixation. Cells were stored into a refrigerator at 4°C for use in analysis.
DNA staining
The cold ethanol fixed specimens were taken out and washed with PBS. After centrifugation and precipitation, the supernatant was removed, then PI staining solution was added to the precipitate. After incubation in a refrigerator at 4°C for 20 minutes, the specimens were filtered with 350-mesh nylon mesh filter. Subsequently the PI stained cells were put into the flow cytometer for DNA ploidy analysis.
Detection of DNA and calculation of DNA index (DI)
All samples were analysed with the EPICS-XL flow cytometer. Before analysis, the instrument was calibrated using lymphocytes from healthy individuals. Multicycle software was employed to analyse the results.
DNA index (DI), which indicates the relative content of DNA, was calculated using the formula: DI = the average channel value of sample to be tested at G0/G1 peak/the average channel value of control sample at G0/G1 peak.
Criteria of DNA ploidy definition
The DNA ploidy was determined based on the DI value. The DI value of 0.90~1.10 was classified as diploid, and the rest as heteroploidy (< 0.85 for hypodiploidy, 0.85~0.9 or 1.11
.15 for near diploid, > 1.15 for hyperdiploidy).
Statistical Methods
F-test was used to calculate measurement data, χ 2 test was used to calculate count data, p < 0.05 was considered significant.
RESULTS
DNA ploidy status of specimens
DNA heteroploidy was not detected in normal rectal mucosa and hyperplastic polyps. The positive rate of heteroploidy in villous adenoma without atypical proliferation, with mild, moderate, and severe atypical proliferation, were 10.00% (3/30), 13.33% (8/60), 15.00% (6/40), 44.00% (11/25), respectively. The positive rate of heteroploidy in rectal carcinoma was 76.67% (92/120). The results showed that there were significant differences in the positive rate of heteroploidy between rectal carcinoma group and the other groups (p < 0.01). There were also significant differences in the positive rate of heteroploidy of villous adenoma with severe atypical proliferation compared with normal controls, Zhang et al Table 2 ). This result indicated that with the increased severity of the disease, the positive rate of DNA heteroploidy increased accordingly. DNA index (DI) analysis of DNA heteroploid in rectal carcinoma with different degree of differentiation. DNA index value in moderately differentiated adenocarcinoma (1.43 ± 0.18) was higher than that in well differentiated adenocarcinoma (1.15 ± 0.12). The difference in these two groups was of statistical significance (p < 0. 01). DNA index value in poorly differentiated adenocarcinoma (1.70 ± 0.23) was higher than that in moderately differentiated adenocarcinoma, and there was a statistical significance (p < 0. 01) as well. There was no significant difference between DI value in poorly differentiated adenocarcinoma and that in mucinous adenocarcinoma (including Signet ring cell carcinoma) [1.72 ± 0.27] (p > 0.05) ( Table 3) . It was therefore suggested that DI value of DNA heteroploidy, increased with poorer differentiation of rectal carcinoma.
DISCUSSION
The intracellular DNA ploidy status can be detected by flow cytometry (8) . DNA content and its ploidy status are critical for cell proliferation and heteroploid could be an important marker of cancerous change in cells. Previous studies showed that the occurrence of DNA heteroploidy had positive correlation with cell proliferation, degree of malignancy and poor prognosis (9) (10) (11) (12) . Therefore, the detection of DNA heteroploid by flow cytometry can judge the nature and trend of precancerous lesions, and could be helpful in the early diagnosis of cancer (13) .
Normal cells are diploid with constant DNA content. In contrast, abnormalities of DNA content and/or chromosome structure are fairly common in the process of cancerous change (14, 15) . The occurrence of DNA heteroploidy in cells indicated a process from quantitative change to qualitative change, which demonstrated that the cells had become cancerous or had the possibility of developing into cancer, although at this time point they might not meet the diagnostic criteria for cancer in Pathology. Researchers believed that the higher the degree of atypical hyperplasia in precancerous lesions, the greater (1) compared with rectal cancer group, p < 0.01: (2) compared with group of villous adenoma with severe atypical proliferation, p < 0.01. the probability of DNA heteroploidy (14) and the higher the degree of atypical hyperplasia, the greater the incidence of cancerous change. Some researchers showed that the changes in DNA content had appeared in the early-stages of cancer development before atypical hyperplasia or carcinoma in situ could be detected. This happened in various cancer types such as oesophageal carcinoma, breast cancer, oral cancer and laryngeal cancer. DNA imaging analysis might play an important role in prediction of lesion progression and determination of early cancer development (16) (17) (18) (19) . DNA ploidy analysis has been used to diagnose cervical cancer and its precancerous lesions in some countries for more than 20 years. It has become one of the routine clinical testing methods for the detection of cervical cancer and its precancerous lesions in North America and Europe (20) . DNA ploidy analysis of precancerous lesions is a valuable indicator in the prediction and diagnosis of other types of cancers as well.
It was generally agreed that atypical hyperplasia in histology was of great importance in judging cancerous change in cells. However, there were some problems in the application resulting in diagnostic errors. In contrast, DNA heteroploidy spread widely in the mucosa of lesions and appeared earlier, so it could be identified objectively and easily (21) . Researches showed that changes of cellular DNA content emerged earlier than changes in cell morphology and measuring the changes of DNA content was therefore superior to observing the changes in the whole cell configuration (22, 23) . Thus, when findings of cancers on histology are not found, DNA heteroploid can be used as a useful supplement to monitor cancerous change of cells (24) . DNA heteroploid status could be used to predict malignant transformation of cells better than other indicators. It could help to identify early invasive cancer which is difficult to be determined by histology and thereby determine those patients with high-risk of cancer who need close follow-up or early intervention.
Colorectal adenoma is now recognized as a precancerous lesion and there have been many relevant research on the DNA ploidy analysis of colorectal adenoma. One study found that DNA heteroploidy played an important role in the process of conversion from adenoma to carcinoma (25) , which resulted in the expectations of application of DNA ploidy status in predicting cancerous change and assisting in diagnosis of colorectal cancer.
In this study, we used flow cytometry to analyse the DNA ploidy status in the mucosal cells of the rectum in different pathological specimens. Among these rectal mucosal specimens, the detection rate of DNA heteroploidy in the rectal carcinoma group was the highest (92/120, 76.67%) compared to the other groups. The difference was of statistical significance. DNA heteroploidy was not detected in normal rectal mucosa and hyperplastic polyps. In the groups with rectal villous adenoma, those without atypical hyperplasia had the lowest rate of DNA heteroploidy.
The rate of DNA heteroploidy increased in the order of mild, moderate and severe atypical hyperplasia. Among them, there were significant differences in the positive rate of DNA heteroploidy in the group with severe atypical hyperplasia compared to the other groups. It demonstrated that the positive rate of DNA heteroploidy increased in the process of rectal cancer development. Analysis of rectal carcinoma with several different degrees of differentiation showed that with the decrease of degree of the histological differentiation, the DNA index of heteroploid cells had a tendency to increase. This indicated that the poorer the differentiation of tumour cells, the more severe the degree of their proliferation and abnormal hyperplasia and the higher the degree of malignancy. The results of this study suggested that detection of DNA ploidy status had a very positive clinical significance for clinical diagnosis and prognosis. It may assist in detection, treatment and follow-up of precancerous lesions.
Recent research showed that the assessment of DNA ploidy was a better method than cytopathological examination and detection of serum markers (CEA, CA199, etc) for distinguishing malignant cells (26, 27) . Another study showed that both aneuploidy and elevated CEA levels could serve for individual risk assessment to predict metachronous metastases in colorectal carcinoma (28) . In this study, it was noted that the positive detection rate of DNA heteroploidy in the rectal carcinoma group was 76.67%. That said that the false negative rate is 23.33% if diagnosing only by DNA heteroploidy, which may also lead to missed diagnosis. On the other hand, although DNA ploidy examination had better sensitivity, because of the higher cost and lack of popularity in clinical application, it had no advantage over conventional cytopathological examination in identification of malignant cells (26) . While it is important to follow the ESMO guidelines using a sigmoidoscope or a colonoscope and serum tumour marker analysis (29) for early diagnosis of colorectal carcinoma, it is suggested to improve assessment of the malignant potential and monitoring of malignant progression by the combination of DNA ploidy analysis and other detection methods (30) .
In summary, determination of DNA ploidy status in rectal lesions by flow cytometry is a beneficial supplement to clinical and pathological diagnosis of rectal carcinoma. This technology may provide guidance for pathological diagnosis, grading and prognostic judgment of tumours. In practice, DNA ploidy analysis is expected to provide new insights for early detection, diagnosis, efficacy monitoring and prognostic judgment of rectal lesions.
